We want to congratulate Yu et al on their article on the role of tissue Doppler imaging in the assessment of cardiac function in cardiac resynchronization therapy (CRT), which we read with great interest. 1 We agree that tissue Doppler imaging provides important information for the prediction of functional recovery after CRT. We would like to comment, however, on the comparison of velocity data with strain-rate data that was used in their study. Based on the intrinsic properties of deformation analysis, in theory, strain-rate data should be more reliable in assessing regional contraction and thus in describing regional "asynchrony" more precisely than are myocardial velocity data, which are always influenced by overall heart motion and tethering effects. 2,3 It is surprising, then, based on their study data that the authors come to the opposite conclusion, in favor of velocity data. We are convinced that this might be caused by the technical limitations encountered during the acquisition and after the processing of the strain-rate data sets. As has been observed and reported by several researchers in this field, with equipment as it exists today, the following precautions are mandatory for robust strain-rate analysis: having a high frame-rate, tracking the region of interest to remain within the tissue under investigation, and averaging over a few consecutive heart cycles. 4 We believe that a frame rate that is higher than 140 frames per second (the rate used by Yu et al) is mandatory to completely resolve the time course of myocardial contraction in this specific patient population. In addition, the authors did not report that they tracked the region of interest during the heart cycle; neither do they comment on temporal averaging of heart cycles before extracting strain-rate values. Furthermore, because of the thin walls of extremely dilated ventricles, the measurement of strain-rate data is technically demanding. The strain-rate curves displayed in Figure 3 may represent some of the technical aspects mentioned above, as they do not resolve regional myocardial contraction reliably and thus cannot be used to derive information about asynchrony. The authors could show the predictive value of velocity data in the evaluation of patients undergoing CRT. We believe, however, that the conclusion about the value of strain-rate imaging for monitoring the effects of CRT cannot be drawn from their study.
Response
We thank Dr Weidemann and colleagues for their interest in our article. 1 Our recent study demonstrated that tissue Doppler imaging is superior to strain-rate imaging for assessing systolic asynchrony and predicting reverse remodeling in heart failure patients undergoing cardiac resynchronization therapy (CRT). 1 We agree with Dr Weidemann and colleagues that strain-rate imaging has the theoretical advantage of being less affected by translational motion and tethering effect than is tissue Doppler velocity. As illustrated by them and others, strain-rate imaging is technically demanding. 2,3 Furthermore, the low signal:noise ratio of strain-rate imaging that results in higher intra-and interobserver variability than tissue velocity signal is another limitation. These technical hurdles probably overshadow the theoretical merits of strain-rate imaging. In assessing the systolic asynchrony of multiple segments, a highly robust system is necessary to calculate the parameters of asynchrony, or the error incurred from each segmental analysis will be amplified. In addition, when assessing systolic asynchrony, it is the time domain (the time to peak myocardial velocity in ejection phase) rather than the velocity value that is being measured. Although the velocity domain could be theoretically affected by translational motion (typically respiration), it will have minimal effect on the time domain because the time domain values used the QRS signal as the time reference point for all segments. 1 Also, various asynchrony indexes calculate the "difference" or "scattering" in time domain among multiple segments, 2 whereas any possible effect of translational motion will affect the myocardial segments to an equal extent and therefore will "cancel out" each other. Finally, the image acquisition was performed during end expiration. As for the technical aspect, similar to previously published studies, we followed stringent procedures to obtain optimal image quality, which included optimizing pulse repetition frequency, color saturation, and sector size and depth; choosing the highest possible frame rate; tracking the region of interest; and averaging the multiple beat measurement. The echocardiographic system and the analysis software were also the same as those previously published in human studies. 2, 3 As pointed out by Dr Weidemann and colleagues, the measurement of strain-rate data in extremely dilated ventricles with thin walls is technically demanding, and our result actually corroborates their suggestion and confirms that the technical limitations mentioned above could be more important when strain rate is measured in patients with advanced heart failure. Of course, with improvements in echocardiographic and post-processing technologies, we hope that that strain-rate imaging will become more clinically useful in this specific population of patients.
